In this paper, the performance of a submerged membrane electro-bioreactor with pre-anaerobic reactors containing anode electrodes (SMEBR þ ) was compared with that of a membrane bioreactor Therefore, SMEBR þ can be considered as a promising treatment alternative to the conventional MBR.
INTRODUCTION
There is an increasing trend towards wastewater generation around the world. Wastewater treatment is essential to protect public health and prevent pollution. The effluent of wastewater treatment plants (WTPs) is a valuable water resource for reuse purposes due to many reasons such as water stress This method is mainly attributed to the external electric field with the basic functions of electrophoresis and electrostatic repulsion of the charged particles (Liu et al. b) .
In recent years, applying an electric field within an MBR has induced electrophoresis away from the membrane surface thereby preventing deposition of negatively charged organic colloids such as planktonic microorganisms and EPS on the membrane surface (Liu et al. b) . On the other hand, EC reduces the cost and space for preparing coagulant agents, and produces larger flocs compared to those produced by chemical coagulation (Liu et al. a) . EC also requires less retention time (Kobya et al.
).
Meanwhile, SMP and EPS compounds in biological wastewater treatment systems are responsible for effluent quality and membrane fouling, and are released during normal biomass metabolism. Ni et al. () found that these compounds could decay in an anaerobic reactor (Ni et al. ) . Liu et al. (a) suggested that the aerobic condition in the cathode and the anaerobic condition in the anode would be suitable for enhancing effluent quality (Liu et al. a) .
In this study, we applied a pre-anaerobic reactor, containing aluminum anode electrodes, before the aerobic MBR, containing aluminum cathode electrodes with 1.4 V/cm electric current, in order for prevention of direct contact of the electrical current with the biomass in both the reactors, considering the fact that the optimal electric field helpful for microorganisms is 0.28-1. 
MATERIALS AND METHODS

Experimental setup
The experimental setup of this study consisted of two stages.
In the first stage, a laboratory scale experimental setup showed that when the electric current was high, the nitrifying bacteria metabolism was inhibited and the nitrification rate in the biofilm was reduced (Wei et al. ) . Therefore, the optimal electric field for microorganisms is 0.28-1.4 V/cm magnitude and provide an exposure mode of 2 min ON/ 4 min OFF.
Feed characteristics
To obtain consistency in the chemical and physical properties of the influent, both bioreactors were fed with synthetic wastewater.
The synthetic wastewater characteristics were as follows (in mg/L): glucose (465) ). Table 1 shows the characteristics of the prepared synthetic wastewater in this study.
The activated sludge for inoculation was obtained from the WTP in Tabriz (The capital of East Azerbaijan Province, north-west of Iran). The sludge was acclimatized for 2 weeks prior to membrane filtration experiments.
Analytical methods
During the study, samples were taken from the influent and effluent wastewater on a daily basis and analyzed using the spectrophotometric method (OPTIZEN 2120 þ MECASYS Company) for chemical oxygen demand (COD), ammonia
, and orthophosphate (PO 3À 4 -P). DO and temperature (T) levels were measured using a DO meter and pH was measured using a pH meter (Microprocessor, RE 357, UK). 
Experimental procedure
The MBR and SMEBR þ systems were continuously operated at room temperature (24.38 ± 0.52 W C) for 48 days.
The experimental period was divided into two consecutive stages and each stage was operated for 24 days. Prior to starting the stages, the activated sludge was obtained from the WTP for inoculation. 
where Q is the effluent flow rate (L/h) evaluated by measuring the accumulated effluent volume with time and A m is the membrane surface area (m 2 ).
No backwashing of the membrane module was performed during the operation period; however, in order to enhance the recovery of the membrane permeability during the operating period in each stage, physical washing events of the membrane were conducted outside the reactor for a few minutes. Therefore, when the membrane flux decreased over time, the membrane was removed from the aerobic zone and cake on the membrane surface was removed with tap water and then returned to the reactor.
After that, the effluent in Stage I was suctioned out by a peristaltic pump.
Prior to the beginning of Stage II, the activated sludge was injected into the pre-anaerobic reactor containing aluminum anode electrodes, and then operation of the • At the anode:
The main reactions which occur during the EC in the aerobic reactor are as follows (Bani-Melhem & Smith ).
• At the cathode:
Then, the aluminum ions generated from the anode electrode enter into the aeration zone containing cathode electrodes. They then react with hydroxide ions generated by the cathode electrodes which produce aluminum hydroxide and cause fast nutrient absorption with a large surface area and therefore, decline membrane fouling.
• In the solution: In this study, before starting the experimental stages, the acclimation process was carried out for 2 weeks. Then, the removal efficiency of NH 4 -P ions reacted with the generated aluminum ions from the anode electrode in the pre-anaerobic reactor.
The aluminum ions generated from the anode electrode enter into the aeration zone containing cathode electrodes.
They then react with hydroxide ions generated by the cathode which produce aluminum hydroxide and cause fast phosphorus absorption with a large surface area. Generated Al 3þ also react with PO 3À 4 -P and generate AlPO 4 (s) and thereby remove phosphorus.
Bani-Melhem & Smith () described the mechanism of decreasing phosphorus by the EC process based on Equations (2)-(4). According to their study, the main reaction that may occur during the EC is as follows.
• In the solution:
In Stage I, where no EC process occurred, there was less chance for the existing phosphorous molecules to react with aluminum ions. Hence, the removal efficiency of phosphorus in Stage I was less than that in Stage II.
During the experimental period, the SMEBR þ pilot reduced the average COD concentration in the influent from 441 ± 22 mg/L to an average output of 8 ± 5.58 mg/L (98% removal) using a pre-anaerobic reactor containing the anode electrode. In general, the mechanism of EC for wastewater treatment is very complex. The COD removal mechanism may be due to biodegradation, electrochemical oxidation, and absorption (Moreno-Casillas et al. ).
In this study, aluminum was used as the material for both the anode and cathode. When the DC field is Consequently, the use of a DC field in the mixed liquor can reduce the organic materials loading on the membrane surface and thus contribute to improvement in membrane permeability. The SVI, defined as the volume (in mL) occupied by 1 g activated sludge after 30-min settling of an aerated suspension, was used to characterize the settleability of a specific sludge (Tafti et al. ) . Accordingly, an activated sludge with a SVI below 120 mL/g was considered satisfactory, and that over 150 mL/g was considered bulking (Hasan ) . 
Variation of MLSS
where J i is the initial permeate flux (7.05 L/m 2 ·h) measured during the first minute of each process and J is the permeate flux at any time. In conclusion, our study showed that if an electric field is applied at the cathode electrodes around the membrane module and also at the anode electrode immerged in the pre-anaerobic reactor, the small colloids and particles become larger due to the electrokinetic process. Therefore, their contribution to fouling resistance decreases, causing higher permeate flux.
CONCLUSION
In the present study, a SMEBR coupled with a pre-anaerobic reactor containing anode electrodes (SMEBR þ ) was successfully developed to reduce the membrane fouling, maintain the permeate flux and also enhance the quality of the treated wastewater.
In the pilot-scale study, the reactor was fed with synthetic wastewater and the fouling rate decreased by about 22.02% in Stage II. This improvement is probably due to a number of factors, including the repulsive forces between the membrane surface and the negatively charged sludge particles when an intermittent electric field was applied, formation of large size sludge particles, and the decrease in the production of EPS in the pre-anaerobic reactor containing the anode electrode. Furthermore, removal of COD, NH According to the results, this system can be considered as a promising alternative to conventional aeration treatment systems as it decreases the membrane fouling and also improves wastewater quality.
